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ABSTRACT

Establishing an aseptic in vitro culture for Dendrobium, or for any plant in fact, is the most important step
towards developing an effective in vitro tissue culture including micropropagation protocol. Success in initial
aseptic culture will contribute to the successful production of in vitro cultures that may involve the initiation
or formation of callus and/or protocorm-like bodies (PLBs), the induction, regeneration or multiplication of
shoots, and the preparation and proliferation of plantlets suitable for acclimatization. The initiation of an aseptic
culture is closely related to the appropriate selection of an explant source and its preparation, including its
(in vivo) pre-treatment if necessary and subsequent disinfection procedures. Care in the choice of explant and
the application of an appropriate disinfection protocol can successfully reduce, or eliminate, contamination in in
vitro cultures while reducing the negative impact on plant tissues and plantlet regeneration. Many unique aseptic
culture procedures for Dendrobium genus have been reported in the literature, very often specific to particular
tissues or genotypes, and this review not only highlights the details of such protocols, but also provides practical
advice for novice — and even seasoned — orchidologists who wish to research Dendrobium in vitro, although it
is cautioned that there is currently no universal aseptic culture procedure that can be applied to all conditions,
all explants or all genotypes.
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EX VITRO TO IN VITRO: NEED FOR
SURFACE DISINFECTION OF PLANT
TISSUES FOR THE ESTABLISHMENT
OF DENDROBIUM IN VITRO CULTURES

The most important aspect in the establishment of
an effective tissue culture system from explants or
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plant parts derived from ex vitro material, such as
greenhouse or field-grown plants, is the disinfection
process (George and Debergh 2008). Although it is
more likely that field-grown plants will contain more
soil- and air-borne contaminants than greenhouse-
grown plants (Niedz and Bausher 2002), and that
conventionally soil-grown plants will have a higher
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level of infection by microorganisms than plants
grown in hydroponic culture, in all instances,
plant material needs to be prepared for in vitro
culture, usually in three steps after initial washes
and removal of coarse contaminants (Hall 1999):
(a) treatment with a disinfectant solution (e.g., 70%
ethanol), then either washing in sterile distilled
water (SDW) or not; (b) treatment with a solution
of another disinfectant (e.g., sodium hypochlorite
(NaOCl)) and finally (c) rinses in SDW at least
three times. There are different variations in the
type, order and concentration of disinfectants used,
their combinations and their exposure period (Hall
1999, Onwubiko et al. 2013). Aspects such as age
of the donor plant, temperature, relative humidity
(RH), photoperiod, light intensity, irrigation and
fertilization, as well as the type and size of the
explant, topophysis, genotype, the season when
explants were collected, length of disinfection
and concentration of disinfectant will all affect
the outcome of the disinfection process, explained
in more detail in the next section of this review
(Traore at el. 2005, George and Debergh 2008,
Dobranszki and Teixeira da Silva 2010, Mihaljevic
et al. 2013). The primary objective of disinfection
procedures is to find a balance between reducing
infection and explant survival and regeneration,
which are strongly affected by the physiological
state of the explants and the disinfectant used
because they are often toxic to plant cells. The
rapid development of explants, or their etiolation,
can cause explant tissues to become thinner,
causing disinfectant to penetrate deeper inside the
tissues (Traore et al. 2005, Jan et al. 2013). The
depth to which a disinfectant can penetrate a tissue
is also important, and may be more important for
tissues such as root tips or tuberous organs which
are heavily exposed to soil microorganisms than
for organs such as anthers that may be protected
by other surrounding tissues such as petals (Sugii
2011). An understanding of these factors can
determine the success of growth, regeneration or
germination since this will undoubtedly be linked
to the level of contamination.

Using these principles, this review seeks
to find how disinfection procedures have been
used to prepare in vivo-derived plant material
for in vitro culture in Dendrobium since the in
vitro environment serves as an important tool for
multiple biotechnological advances, symbiotic
and asymbiotic seed germination, and molecular
advances, including genetic transformation
(Teixeira da Silva et al. 2015a, 2015b, 2015¢, 2016).

Dendrobium is one of the largest orchid genera,
with an estimated 1400 species (Jin et al. 2009),
and has both ornamental and medicinal importance
(Takamiya et al. 2011), and thus serves as an optimal
plant for investigating this topic since several dozen
studies on its in vitro culture have been conducted. In
commercial production, well-established protocols
have been developed from initial trial and error
(Teixeira da Silva and Winarto 2015, 2016), but for
novice orchidologists or plant scientists seeking to
establish initial Dendrobium in vitro cultures from
in vivo material will not easily navigate the large
literature to understand how best to treat material
to establish an initial in vitro culture. This review
thus serves also an extremely important practical
purpose: to survey and examine this vast literature,
to analyse and determine the conditions that
would allow for tissues from various sources and
genotypes to be sufficiently disinfected to allow for
subsequent regeneration to take place. Three studies
involving disinfection procedures have emerged for
the Dendrobium genus in 2015 and until March,
2016.

IN VIVO CONDITIONS OF DONOR
PLANTS AND EXPLANT CHOICE

Most authors working with Dendrobium in vitro
cultures grew donor plants in pots in a greenhouse
(Malabadi et al. 2005, Sujjaritthurakarn and
Kanchanapoom 2011, Kumari et al. 2013),
glasshouse (Asghar et al. 2011, Paul et al. 2012), or
net house (Lone et al. 2008, Dohling et al. 2012,
Vijayakumar et al. 2012). Fruits and seeds have
also been collected from native wild environments,
such as D. huoshanense (Luo et al. 2009) and
D. densiflorum (Luo et al. 2008) or from botanical
gardens (Pradhan et al. 2013) (Tab. 1). All of
these growth environments are not free from
microbial contamination, and must thus be treated
(disinfected) before they can be used in an in vitro
environment, thus favouring the growth of plant
tissue over microbial development.

The source, size and age of explants are
some of the factors that influence the success of
disinfection. Kumari et al. (2013) used the shoots
of D. Sonia ‘Earsakul’, 8-12 cm in length and with
3-5 nodes collected from 2-3 weeks-old shoots
(‘keikies’), as explants to initiate an aseptic culture.
In their study, 66.7 to 100% of explants survived
(2.33 shoots per explants with BA at 4.0 mg
dm?). Ferreira et al. (2006), who used lateral shoots
8-cm long arising from the base of adult plants of
D. ‘Second Love’ (Nobile type), found that about
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20% of explants were contaminated and that only
60% of buds developed into shoots. Asghar et al.
(2011), who also used 8-cm long shoots to culture
D. nobile ‘Emma White’, observed only 22.5%
explant survival in the best treatment that used
8 min exposure of explants to 10% NaOCI (active
chlorine 6-14%) with continuous agitation, followed
by 4-5 washes, but a high level of contamination
was observed: 42.5% bacterial contamination and
30% fungal contamination. In D. ‘Zahra FR 62’
0.4-cm long shoot tips were used by Winarto et al.
(2013) as the explant to initiate protocorm-like body
(PLB) formation. PLBs were subcultured every
15 days, with 85% of explants successfully
producing green callus in the basal part of explants;
initially, callus was green to dark green and
compact then became friable in the next subculture
and produced PLBs easily, and only 15% of explants
were contaminated by bacteria and/or also suffering
from browning (Winarto et al. 2013). In liquid
culture, there is abrasion between the surfaces
of pieces of callus leading to callus browning,
caused by phenolic compounds (Kaewubon et al.
2015) and the application of disinfectants alters
the color of explants from green to pale green/
whitish, serving as an indicator of tissue damage
(Fig. 1F-H). A similar explant source, size and
treatment (see Fig. 1C-E), but with slightly higher
explant responsiveness (87%), was recorded for
D. ‘Gradita 31’ (Winarto and Rachmawati 2013).
The intersection between suitable explant choice,
disinfection procedure and the elimination of
browning, which typifies young Dendrobium callus
cultures (Kaewubon et al. 2015), will determine
the success of the callus or shoot induction route.
Although the procedures described in Table 1 by
Winarto et al. are effective for several cultivars, it
has not been tested for all cultivars.

Numerous papers (Tab. 1) have described the
environmental conditions in which donor plants
are optimally grown, obtained and prepared.
Lo et al. (2004) indicated that D. tosaense plants
collected from natural environments in Taiwan
were cultivated in pots 13.5 cm in diameter and
10.7 cm in height, containing tree fern as a substrate;
plants were maintained in a greenhouse with 70%
RH and 25/20°C day/night temperature. In these
conditions, 12-week-old fruit capsules that formed
after hand pollination produced the highest number
of seedlings in 2MS medium than capsules of other
ages (8-, 9, -10-, 11-, 13-, 14-weeks-old) and other
media (MS, KC, VW). D. nobile plants collected
from the wild in India were used as donor plants,

cultured in pots and grown under glasshouse
conditions. Shoot tips 0.5-0.8 cm in length were
harvested from donor plants and used as the explant
source (Malabadi et al. 2005). Pseudobulbs of
D. microbulbon collected from the forests of South
Gujarat (India) were used as the primary explant
source (Sharma et al. 2007). Mature fruit capsules
of D. densiflorum collected from Yunnan province,
China were used as the explant source (Luo et al.
2008). D. transparens plants were collected from
their natural habit in Imphal (India) and kept under
netshade which cut 50% sunlight. Flowers were
hand pollinated on the second day of anthesis
since flowers only last for 3-5 days and capsules
were harvested 120 days after pollination and used
as donor explants for in vitro seed germination
(Sunitibala and Kishor 2009). D. nanum plants,
collected in the KMTR region, South India, were
maintained in a greenhouse and 5-cm shoots were
used as the explant source (Maridass et al. 2010). In
Shillong, India, healthy plants of D. chrysanthum
were planted in pots and grown in a greenhouse,
and after flowers were hand pollinated, and old
(8 months) pods were used as explants (Hajong et al.
2010). Three-month-old mature and well-developed
D. chrysanthum pods were used as the explants for
seed germination experiments (Sujjaritthurakarn
and Kanchanapoom 2011). Old (15 months) fruit
capsules of D. aphyllum were collected from wild
habitats in Sarisha, India (Dutta et al. 2011). D.
chrysanthum, D. hookerianum and D. longicornu
plants were collected from Meghalaya, India,
grown in a glasshouse and stem explants (1-2 cm
long), each comprising a node and axillary bud,
were used as the explants (Dohling et al. 2012).
Paul et al. (2012) used purplish-green fruit capsules
of D. hookerianum collected after §8-9 months
from pollination. Vijayakumar et al. (2012) used
hand pollination in the second day after anthesis to
obtain fruits from plants of D. agregattum collected
from a natural environment and grew them under
a shade net house (75% shade). Shoots 8-12 cm long
with 3-5 nodes were harvested from 2-3-weeks-old
keikies of greenhouse-grown mother plants served
as suitable explants (Kumari et al. 2013).

For D. ‘Zahra FR 62’ and D. °‘Gradita 31’
maintaining donor plants under a shade glasshouse
(75%) in a mixture of Cycas rumphii bulk and
wood charcoal (1:1, v/v) by watering every morning
at 7.00-8.00 am and fertilizing them using 2 g
dm? of N:P:K, 20:20:20 and applying 2 ml dm?
BioSugih liquid fertilizer twice a week successfully
induced vegetative growth of the donor plants and



Dendrobium tissue disinfection

60

S109139 1'0F¢8'¢ Hd “ZAL u 0] MdAs <
SNOLISIO[P ~wp Suw 17 + [oysour-odw cwp  urw [ [DOBN «— Spnq AIejixe spnq Are[[rxe
J[qISIA N HY 8 170 + ourwery) wp SW 0+ JO UONR[OSI «— M S x € «— Ul SUONBNUIOU0d Z( L JO uone[os «—
9007 moym S zw jowrd GH-GE  onS 947 + SN WOIJ SJUSLNNUOIOTI 0€ IDOBN %] « utw g HOYd puE SUOENUIIUOD (Suoy wd Q) QA0
‘Te 1o eromd, Juedxo /sjo00ys 49 %0 > ‘dd U-91 Dol F9C I9U10 pue VI dod ‘MA pmbr %96 < ML pue juadioreg oBI[q [BIOISWIWIO)) S100YS [e10)e ] puodas, a71qou (7
AN HY 8w o i MAS x €
S00T "1 30 65-9T 'dd U4-91 + P-0€ 'S HA “1e8e 9680 + VYN UIW 6T “[DSH %10 < M < suonenuaouod
BuLIRyS D %06-08 AN SSAWEp Do F 0T WP SW 1°0 + MO %ST +MA UL O] 0T-5U00MT %S «— MY MO PUBVYN  so[nsded udarn wnpLquiy”q
8¢ Hd
‘VIIL 81§ + unoiq wp 5 [0 +
juepdxo / p1oe o10zudq-ourwe-d .wp 3 070 +
S100US 8T F €97 suoydad cwp 3 570 + 2esAjoIpAy oIy} W G-
pue sjuedxa AN HY urases wp 3 ('] + [03sour MAS x | < uw g 03H SUOT)OaS-UIY}
S00Z ‘T8 19 Jaisuodsar jo ‘-8 ;w jowrd 001 -osaul .wp 3 G() 4 IBS. 9%/ () %1°0 < S 0S HOW %0L < S SUONBIUIOUOD  ISIOASURI) «— WD
Ipeqe[e]N %18 FS°¢6 AN “AINdd D€ ¥ ST +008 %€ + (9L61) ' 19 BIIN 0t wokwoydons 9,170 < M JouejuodeL,  §°0-§"0 sdu J00ys anqou"q
AN HY
‘-8 ;w jowrrd (g VVN wp 3w s3uIposs RIpIWL $100([S
¥00¢ BOOYdNJ AN AUN dd U-91 “DoTF 9T 0’1 + Ve wp Swr 170 + pmbrp SW paystjqeise-oxd o4 uy SIMNo JUSISHI  WIOL SOABS] (WD | (BHIOS, '
HY %0L -8
~w jown o ‘dd 4-91 1'0 F LS H ‘Hd 10 MD 10 HY MAS x § U Q[
‘(yB1u/Aep) D60T/ST %8 + 183E %670 + 908 %S + SN UONBIGIA OTUOSE[N Iopun
aqn) 1593/S3UIPS + (uoneuruios) ur spoppueld pue reSe 94,9°() + ons ‘W 001/02-sU0M], Jo sdorp g saduesqns xaduwiod PIO SYoaM {]-8
$00T T8 12 01 Jo Joquinu ¢'/9 AN SYOM 9 SSousIe(] %€ + SIN % U uoneuruiidf paos  + [DOBNY%I < SOE HOY %0/  Pue wnIpauw aInjin)) sonsde) ENIEL NI Mg g
‘uonjeIoyroxd snyeo
10} 5HI9D %T0°0 + 1S %T + DV MS Ul x ¢-¢ 9SULL «— Ul ¢
sq1d cwp 3 7 4+ ouoydad cwip 3 7+ vg @X0I0[D) %G UIW ()] ‘5X0I0[D)
200t 5/5100Us 6°11 UN HY WP SW [ + VYN wp-5uw [ 170 %01 “UIW 0T ‘0T-oUdIML
woodeueyouey| ‘snreo ‘s;wown 07 + MA ‘uoneuLoy gid I0J ;L0 sdoip z-1 + §X0I10[D %07 «— sjuejdxa opou
pue JeMesOd\ Jo MASwGIT AN dd Y91 “DoTF ST %T0°0 + NS %T + MD %01 + MA wa[0daa], sdoip may + M IY wnipaw amyny - jo spnq Aref[ixy wmpusunLo "
‘MO %01 +Vvd
WP SW | 4 9NS 94¢ + SJA UI SOpou
WOJJ UOIJBULIO) JOOUS }SAYSIH "ury
apou/s100Ys 7¢'g ¢Wp SW ¢ + Ve wp-Sw ¢ +
200 'XeN ‘poynuenb AN HY PUB (ddd ~ VVN Wp Sw [ 4+ 0ns %7 + Iese MAS x T« STI-0l HOYd  SOANIPPE pue eIpow (sansdeo pjo
‘[elo eIpeyq  jou uoneulllaf AN dd U1 “DoTF ST %8°0 YA PAYIPI[OS 10 A pmbry %001 < W 0] [D8H %T0 2IMIND JUGIOII  YIUOW G-F7) SPAS wnydydp
AN HY
200t ‘1S w jouwrt ¢0f AN W UonodJuUISIp
Te 30 wepy D %8L AN dd U-91 DoTT AN HA 'S ‘HOM %0L < ‘TOBH %1 vIpaw ) Spadg suavdsuv.y q
(%)
(%) (D) wonodguIsIp
EOSNEMEDW I0 Idye suonIpuod K JUIWYSI[qe)ISo m@é—uDOOHQ ®>ﬁu®.—ﬁo Pa3ddJuISIp JIeAnnd
ouoIRjoy  [eAlAIns juedxyg uonIdyuy U}MOID) J10J WINIPIW 2IN[Nd Is0g uonodJuISIp [eroyIadng [eyuswradxg anssn/uesiQ Jo/pue sa1oodg

(Z00T 10y® 03 paznuowd) wniqopua(g o414 uz 10§ soINpadoid uonoduIsi *I IqeL



61

Jaime A. Teixeira da Silva, Budi Winarto, Judit Dobranszki, Jean Carlos Cardoso, Songjun Zeng

sKep

06 1013® s1opuerd
Jo yImoi13 poo3
pue 939[dwos ym

UN HY ‘uoneqnout
SIep syiuowt g

{'¢ Hd ‘uoneyuowarddns
YDJ moynm 33 pue ( 8961 ‘[e

0107 wnipow SN uo Ioye s .w jowr (9 1 810quien) °d (6961 YOSHN) [0YO9[E %0L (po sypuow-g)
‘e1o Suofey  uoneurudg %p6 AN ‘dd U-T1 DT F ST (NIN) YosIN pue YosyIN ‘SIN )M Soul) f-¢ Suttey «— M LA wnipaw a1m[ny SPds I wnypunsLayd
wcmﬂ.uum\mu\/wﬁ
010 T8 S6'I-L¥'T WSIey AN HY S -w jour 09 Hd Mds x (dvaos1)
10 SORIOJN P wo $T 111 AN 0F ‘dd U-T1 “DoST GeSe %L'0 +dd %L 0+ SN ¥ < SuBjeys [IM [DOBN %S Ayoedes yysey SPods oIMEN apqou q
MAS x St uoneurfjod
600 10YsT| IN HY Pue Qddd ‘dd 8'c Hd TS %0 + surweya  — un 6 IOSH %1°0 < S 0€ Toye p-O71 ynm
pue e[equIung AN AN Y9I WM DT F ST SH Y + #2900 (WP SW ST + SINY  HOWM %0L < UIW (] QUD[0Qe]  SUONBUIqUIOd YHJ  sd[nsdeo usain suaandsuvy *q
AN HY P St
10§ s i jownd ¢/ ¢¢ Mdas
6002 ‘dd U-91 Uy p ¢ 105 v’ HA Te8e %80 + MO %ST  x € — WW ST 1OSH %10 < (payroadsun so1oads)
:.m.?wwhw_ucdow D %06-08 AN ssouxIep mUoﬂ F0C + VVN WUp S 1°0 + D uospnu’y] U ()g 0 UM, %S «— ML wnrpawr 21y mESmQ@o UddIH) wniqodpuay
HY %08 juounedn)
‘-8 ;w jowrrd (¢ MAS x € < ua 09 -a1d armyerodwdy AN o5e
600 'Te 10 ong AN AN ‘dd U-91 DT F ST Te5e 9/°0 + NS %€ + SN [DOBN %1 < S 0€ HOY %0L pue HO 3D  ‘sonsdes amep asuauvysony "
800¢ HY %SL-0L ‘s&ep 0of N e3¢
Te 19 oYz AN AN SSOWRp D,z F ST 8°S HA VYN (wp Sw 70 + S AN SADd ‘Spods oIMEN wnpipund
HY %08
‘-8 - journ (g MAS x € < U 09 N o3¢
800C "[e 12 ong AN AN ‘dd U-91 DT F ST 165 %/ °0 + NS %€ + SN [DOBN %I < S 0€ HOV %0L SPIOUB(UE] PUuE SYDHJ  ‘so[nsded amepy wn.iopfisuap "
AN HY (uoneurjjod
8007 ‘S wpowd /7 8¢ Hd o108 I9)je syjuouw-¢)
Te 30 ouo] AN AN dd U-91 “DoST 1B %L0 + DV WP S [ + SN % ur 07 [DOBN %$°2-0°C ad&youds oapia up Spaos AIMEN sisdouavjvyd "
i Mdas
uoyeuIIoT AINHY X T U G “[D8H %10 < (AN o5e)
11e)s 0) P-4 Lwjow G 0p-0°LT 8°6-9'¢ HA ‘(YN uonenudouod) s ¢ HOW %0L < (JuoSidop) so[nsded arnjew
800 '[& 10 seq ‘D %001-9L AN ‘dd Y91 DT F ST Te5e + D (9161) uospnuy| %0°T UBIIXO YA Paysep BIpoW AIm[n) passtyapun wnydydp -q
Kyoedeo
UONBNUAIRIIP AN HY MAS x §-p < ur Og QIN
L00T 1soyS1y pue ‘S w jowr 0'Lg AN HA “1e5e %/°0 + VYN W 00S / 08-5u09m], sdop ¢-7 + SYDJ  93e) spods amewr
‘e30 Buoy  sw020j01d UsaID) AN -$€1‘dd U-01 De9T WP BW 0+ 008 %Z + SN % [DOBN %€ < S 0€ HOM %0L puE eIpaw [esegq pmsopsdey  wnippup)dSuoys *q
x G sadueisqns
900T 8 W jowr (f MQS U1 dsul — ut 0] [D3H xo[dwoo pue
Te 10 Suex D %S6 AN -0€ ‘dd U-TI “DoT F §T v'S-TS HA'MD %01 +9N  %1°0 < S 0€ HOM (A/A) %0L ~ SUOHEUIqUIOd YD Spaag $52po1Y202 “(q
(%)
(%) (D) uonoduIsIp
:o_amﬁ_ahow J0 Id)ye suonIpuod % JUIWYST[qe)ISo mogﬁwoonﬁa ®>ﬁo®._.£0 PajdjuIsIp JeAnnd
QOUAIYY [eAIAInS Jue[dxyg uonoddyuf J1MOoI0) J0J WNIpaW dIn)[nod 1sog uonIJuUISIp [eroyiadng [ejuownradxg onssn/uesIQ J1o/pue sa10adg

(Z007 19y® 03 pazyuowd) wniqo.spua(g o414 u1 10§ SOINP20Id UONOAUISI( “PINUNUOI | J[qE],



Dendrobium tissue disinfection

62

Cloc
edey ] pue jued

10T e e ng

T10T e
Suyoq

C10T 0sopIe)

110T
woodeueyouey|

pue ureye
-myypielng

11oc
Sojexweay pue
eSuenpmaey]

1102
QLEERLGTY

11oc
‘Te 19 Jey3Sy

‘uonenrut
Josyoam ¢
Io}E S)00yS G

AN
juedxa/sjooys

8CT'0 F8C'¢ pue
osuodsar juejdxo

%€ €F998

AN
2IM[NO JO SYOIM T

I0)Je pajIe)s
uoneuIuIdg

Pa9s “UN

AN

P-06 10y Wd 60
M s3urpaes

2IM)ND JO SIM ¢
19ye syue[dxo
[BAIAINS JO 94C°CT

AN

AN

AN

AN

AN

AN

UN

(je8uny 0¢
pue [eLR1oeq

STH) %S TL

AIN HY pue dddd
‘dd U-91 ‘DT F ST

AN HY X7 0007
‘dd U-¥1 DT F LT

AN HY
‘1S gw jount g
dd U-T1 DT F §T

AN

AN HY
‘18w jowr 6'9g
‘dd U-91 Dol F 6T

AN HY
‘18 . jowr 9

‘dd U-T1 “DoST

AN HY
‘8w jow 6/ ‘qd
U-91 YA D,T F §T

AN HY
‘8w jowrn /g

‘dd U-91 Dol ¥ 5T

Ve wp SW ¢TI + SW

8¢ Hd 'yD cwp Sw ']

+ VVN ¢Wp SW G0 + Ve Wp
Suwr (' + 1e8e %8 + DV WP 5 5O
+ He Wp 3 0S1T + 908 % + SN

AN HA
(VVN ¢wp 8w 8°7) + Vg wp Sw
'€ + JeSe 9480 + ONS %¢ + S

LS
Hd ‘1e8e 9%9°0 + ons %7 + SN %

¢'¢ Hd ‘reSe
%C8°0 + MD %ST + 918 %¢ + SN

AN Hd
‘Syjuow 9 J10J WNIPIW dINJ NI M A

LS
Hd “reSe o0 + ons %7 + SIN %

¢'¢ Hd “cwp Sw 07 v +

(£5.,0) wnipaw A30[0ut99)01Ayg
(YN Hd pue suonIpuods pIjos-1uds
‘pmbry) 4d %9-1 10 HX %b-1 +

AN

x6

MAS U asuL «— i 0 IDSH
%1°0 < S 0€ HOV (A/A) %SL

MAS x 9-G «—uru g

TOSH %1°0 < urw o[ [DOBN

— Md < U Og-S1 ALY <

2,0 1IUaS1010p pue Ysniq }Jos

AN

pawey pue s 0] HO¥ %S6

SpPU0d3s M3 ® I0J pawiey
pue HOM %GS6 Ul pasioww]

MAS x¢ < U g
%1 [DOBN «— ulwl ¢ HOY %0L

MAS x & <~ U g
[DOBN %01 «— Uit 0¢ ML

S 0€ HO¥

UOoNEBINUIUOI YDOHJ

SooURISqNS
xo[dwood pue
SUONBUIQUIOD YO J

SUOIRUIQUIOd YO J
juswdojorap

JBATI[NO MON

UONBIUIOUOD
ZdLpue vy

BIPAW 21N} N

SUOT)EIUIOUOD Y

SUONENUIIUOD
pue sad£) ¥Ynd

s3urpaos
umoig o1 ui
Plo-s3j9am-(
Jo (Suoj ww 6
-€0) sdn Jo0yg

SPpass 2InjeN

(pnq Arefjrxe +
apou —wd z-1)
syuejdxo wo)g

uoneur|jod

1Pye p-0Cl
‘Spads dInjeN

muﬁ—am&wo QInjewa
plo-tyuow-¢

sonsdeo uoa1d
plo-ypuowi-g

(AN 23e)
so[nsdes arnjen

spnq A1e[[xe
P wd ¢ 1-0°1
10 PAONPaI «—
(Suoy wd )
S}00ys [eI9)e ]

wnunuitid "

wnjjdydp

nu10213u0j *(J

e[ yoeld, x
Jp1oo rey) uoy, "q

wniqopua(g
PLQAY jremq

nysind "

anqou"q

SHYM U,
apqou

(D %001) onS O¢ + SIN % -D2pIuDUDY " %0L < MS x € < U of
ADIDIYDUDY HY %08-0L (INHA  (aprorSuny) (8 Wery [woouy
' pue ‘S W jowrl OG-0z PuUE SUONIPUOD Pr[Os-Twds ‘pinbiy) (A/M) %T°0 «— 0T-5UOIM], JO (dvaoct) -woppoupuiny “( pue
1107 e R IV WNwoyoniyiay ‘(g AN Ad YT DT F ST NS %E + SN ¥ -unuoLon.ay3a) " sdoxp z yim ;X0101D) %0L wnipauw aInjny so[nsded uoaIn) WNWoAYID.132) “ (]
(%)
(%) (D) uondduIsIp
uoneurudg 10 I19))e SUONIPUOd IUSUIYST[qRIS sainpaooxd 2A192[qo paroayuIsIp IeANO
QOUAIYY [eA1aIns jue[dxyg uonodyuy IMoID) J0J WINIPAW IN[Nd 1s9g uondJuISIp [eroyradng [eyuowradxyg anssn/uediQ J1o/pue sa10adg

(Z007 19y® 03 paznuowd) wniqo.spua(g o414 u1 10§ SOINP20Id UONOAUISI( “PINUNUOI | J[qE],



63

Jaime A. Teixeira da Silva, Budi Winarto, Judit Dobranszki, Jean Carlos Cardoso, Songjun Zeng

(18w 9'g)
wnipaw-SN
ur judjuold prepuels
ot ueyy (/3w 9L€T SoABI
AN HY ‘889 “vHE TLI) JeuiuiIo) omy
‘S ;w jowrt ury| wp (paquiosop d10W p[OJ 9] pue § ynm (Suoj wo
£10C Jezeld AN AN 00T dd U-91 “DobT-tC  SW Q[ +VVN Wp SW g0 + SN sasuLt ou) urw | ‘DI %10 7 °C 'SIPAR[ UZ 1SR, €-7) SqINQOpNasq wnupiSury “q
AN HY MAS x € < Ul ¢ [DOBN %]
€10T ‘.S 2w jown §°9-/ ¢ «— uw Z-1 HOY %0L (%1°0) suonenuaouod  pojyodarjou oe
[e 30 ueypeld AN AN ‘dd U-91 “DoT F ST 8'¢ Hd Te3e 9%8°0 + S (quoS1a30p) [00do0) — M I VVNPpuedveg ‘sojnsdeo Sunox winopfisuap
AN 798¢ x 6-¢ MAS
HY X0 0002001 HA ‘YD WP 5w [0 + Ve wp Sw  ur dsutt «— urw g-g [DIH %1°0
10T BRI D %S8 UN dd U-T1 DT F 9T ST + 1858 %50 + ONS %¢ + S S §p-0¢€ HOM (A/A) %0L SuoneuIquIod YHd Spaas wnpLquiy (g
HY %86 SIDd
€10T ‘s ;wowd /7 Mdas pue uonisodwoo (sdeyaad)
Te 19 1qe| %001 AN ‘dd U-T1 ‘06T F ST 8'¢ Hd ‘rede %80 + INd x p=€ — U 01 1OSH %T0 Jes [erourjy - se[nsdeo amepy wngoLiquaf g
‘MO %01 +Vd
WP SW | 4 9NS 94¢ + SJA UI SOpoU
(') WOLj UONEULIOJ JOOYS JSOYSIH "Ury] (IN
%89 “(SW) %0L HY %09 ¢Wp SW G + Ve wp Sw ¢ + o3e) so[nsdeo
€10T “(9L61 'Te 32 enIA) ‘Sewown 09 VYN ¢Wp Sul | 4908 97 + TeSe MAS x T < SZI-01 HO [0o0j01d 0714 padsiyapun
‘[e 30 utessoy %58 “(%L6) Nd AN ‘dd U-¥1 DoTF ST %80 UM PaYIpPI[Os 10 A pmbr] %001 < U 01 ‘[O8H %T'0 X2 0} uorjeUItLIdD ImeN wnydydp -q
HY %09 MAS x €-7 < uw [ HOvg  yuowdojoaap Sulfpaas uoneurfjod
‘sowpown g9 (YN JESE pue rIPAYOQIRd) VYN %0L +— Uit 0] [DSH %0 pue wiod0joxd 19)je sypuowr
€10C uressoq AN AN dd U-¥1 DoTFST WP SW [ + Vg WpSWZ+ SN MIA < wal0doaL yim paues[) Jo uoneurwexy p-¢ so[nsde) w3235 "
MAs
Jiseg x =€« um 07 “[O8H %T1°0
/$1004s G/ 21m[NO AN 8§SHA  «s0¢ HOM %0L < U 0T ('pnarg
TI0T e Jo sxjpam 7 Je HY ‘s wjown 0g  Te8e %80 + MO %S| + Ve Wp |/Bw G (oprotuny) unsiaeg uoneuIuLIog dva ozl 1appuip (7 "uAks)
TewnyeAelip  uopeUIULIOS MBI AN Ad U1 “DoT F ST Sw G’ + ons .wp W ¢ + SN «— urut ()| Ju9319)op dud[0qeT poos pod uoarn  ‘sarnsdeds usain wnp32.433p “(q
0°s Hd ‘Tese 9%/ ']
ANHY + OV WP 5 ¢+ 008 %6°T +dd %S
(41014 ‘1S - jowrnd gg + MD %ST + 01ewol %/ + (%01 MAS TW-08 VD pue vg
‘Te 30 sa1eog D %Ly ‘9O AN ddU-TIDeTFET -0 %01 - °0°d ‘%01 - N) [W € x | = u 61 [DOBN %€8°0 ia Juounean-ald Spa9s I anqou"q
HY %SL-0L °1-S W
Towt (9 £q pamoj[oy so[nsded
SYOIM 0M) 10 SIep x H-€ pawey < s 0] HOY %0L uda1g-ysrjdind
cloc e Ined D %890 F LT'S6 UN ‘dd U-T1 “DeT F ST 00 F8SHA'SIN < MAS Uyl ‘M I Ul Paysep wnipaur aImyny sypuour 6-8 unupliyooy "
(%)
(%) (D) wonodyuIsp
EOSNEMEDW 10 Idye suonIpuod K JUIWYSI[qe)ISo mOHS—uDOOHQ ®>ﬁu®.—ﬁo Pa3ddJuISIp JIeAnnd
20UQIRJay  [eAlaIns jue[dxyg uoroJu[ IMOID) IO WNIPAW 2INYND ISOg uonoJuIsIp [eroyradng [eyuowIadxy anssn/uediQ JIo/pue saroadg

(Z007 19y® 03 pazyuowd) wniqo.spua(g o414 u1 10§ SOINP20Id UONOAUISI( “PINUNUOI | J[qE],



Dendrobium tissue disinfection

64

¥10T S W jowtt gy DV %€0°0 + VYN WP S UIdsun —ur 7 O3H %1°0 uononput
e 10 ueI) AN AN ‘dd U-01 “DoT ¥ ST SW 0+ Vg WpSWw GO +SN « S0THOM %0L ut sdnjooyg SuLMOy o114 uf sdn jooys apupyffo q
S ¢-7 powrey «—
utw O[-8 HOY %0L < x S~
syoom MAS UL 9SULL «— uIw 8-/ [DSH so[nsded
#10T eIPUL], T Iolje pajeuruiiod -8 -t jourti o9 OV %0 +VVI <wp Sw g + %P0 < U -0 waodeay, U013 plo-ow-
pue wepsuoN SPa2s JO %186 AN dd YTl “DoTF ST VE WP SW T+ (9L61) TeWBNIA  %0T + MLY Ul pasutr ojnsde)  suoneurquiod YNd Woly $pads umxojosduys (g
93e)s souereadde
wo)stowojoid SPI9s ONOIqUIAS UuonBUIIOZ
0} pareuIuIof HY %S FSL S 21pu1o1fJo “(7 Wy paje[ost “ds J1OIqUIASE pue
€10T (810 SPIds [[e 2IMNO Lot 0°Lz-€°0C purpqag Yim (1861 dnorep) onoIquiAs STSH
N OBYZ  JO SoaM G TPV AN ‘dd Y91 “DoT ¥ ST wnipow (VNO) 1eSe [eouneQ  [000301d (£007) ‘& 19 Memalg Jo siskjeuy Spasg appupyffo q
Suromoyy o4 ut
U0 SOUOULIOY JO S)09JJd
juedxo Ay} ssasse pue [000301d
/SAT1d 61°0 F ¥L9 AN HY "9s010ns wp 3 07 uoneSedordororu
€10T B0 D %EE 86 @Imnd “scwiowntof 4+ 1eSe WP S oG + VYN WP SW  M@S I osul — urw g [OSH wuotoyge A[ySty - uoneurfjod 1oyye
‘aoeyz  Joskep 06 1YV AN AdU-91 DoTFTIC SO+ EEEdd ¢WPSWTO+SINY %10 < S Sy HOM (A/A) %SL edopaa@  sKep Oy Speds n3uvyuvm “q
AN HY 8¢ Hd ‘v X G-¥
€107 1810 XN 00SZ-000T WP SW [°Q + UBUd0Te1wo 95 +  MAS U 9SULl «— urw 6] ‘[DSH
Suep, AN AN dd Y01 “DoTF ST MD %0T + 908 %T +03 PAYIPOIN %[0 « Ul ¢ HOM (A/A) %SL ~ SUOHRUIqUIOD YDJ  SPIas drmjewu] apuyffo “q
910T BAIIS ©p BI s41d (€10T DeMmewyORY (esutryoes (79 ¥d Biyez, ‘@) (.79 ¥d BIYeZ, ‘@)
-10XI9], pue oyt paonpoid uay) jeyy pue OLBUIA ) WNIpaW AD 10 (S10T urw ¢) M S Ul SISULL 9-G «— osn JojoeaIolq  sjooys [eordy (. 1€
-IM ‘g1oz em  syuepdxo jo yed BA[IS Bp BIIOXIO], PUE OMEUIA\) UMW ()] (T-gU0m] Jo sdoip moy  :(,[¢ eMpeID, '(7) asn  eypern, () siuerd (s9z1 @ x
-BUIYORY pue 0} [eseq ur snjjed (3seak/ N HY WNIPOW [0SBSOY 10 MO %ST +  + TDSH %S0°0 <« (yoes urw ¢) (wnipaw josesoy)  Joyow pjo sk yuid deo eruog ‘q)
~IRUIA ‘€10T A [BAIAINS [eLI0}OEq) ‘Semjoun gl Ve (WP SW G+ ZAL (WP FW  x ¢ M < UIW Q¢ 0T-6UOIML,  19ZI[Ioj pmbrj pue  ¢'] woy sjooys (29 ¥dd e1qez, °q
Tewopeuyy  Jueldxd %/ 8-68 %01-S dd U-Tl Dol FHT 1 +1e88 %L °0 +90S %T + SN % %] < UI 09-0¢ MIY UONENUAIUOD D Ame[[iXe pue [eoldy  pue [ ¢ BIpeID, ‘(q
0's Hd “reSe oL [ +
AN HY OV Wp 3 ¢ + 18308 %67 + dd %S
€10 e Sewown ¢Er 4+ MD %ST + 01RO} %L + (%01 (Jw 0$) MAs (AN o5¢e)
o120 D %t'€s AN ddUTI DoTFET  -OM ‘%01 - ‘0°d “%01 - N) Tw € x [ Ul G [DOBN %€£8°0 UONEIUIUOO D) SPaas AINJEN aiqou “q
AN HY 9°6-¢'S HA ‘HY wp xS soouelsqns
€107 1819 ‘s cwowmop-0¢ 808 + 1888 %S0 + OV %10+ 90 MAS I SSUL — urw g [DSH xa[dwoo pue
ueld) D %08 AN ‘dd U-T1 DoTF ST WP 8 G+ wnipaw 9JON XouodAH % 1°0 < S 0¢ HOM (A/A) %0L ~ SUOHEUIqUIOd YD Spoag 2SUIUDYSNO (]
MAS x b€ — uw ¢ [DSH
%10 < MAS < MIY « Ul ¢
§100Us ANHY 8¢ HA ‘cwp SW [0 VYN + Wp (uejorpns) susjoqe] %[0
€10 T8 1® €€ YNIM [BAIAINS ‘S wjown g0 Sw ()7 vV + 1838 979 + DV WP <« Opou [UIS WO Z-] «— PIAOWAI Sopou G-¢ pue
ekLg 1uedxe 94001 0 A U-ST DoTFIT S0+ MD %0T +90S %€ + SN SIARS] Pue S1001 «— HOW %001 SYDd WO -8 SI00YS  [nYesIe, BIUOS (7
(%)
(%) (D) uonoduIsIp
uoneuIuos 10 ye SuoOnIpuod LJUSUIYST[qR)Sd sampasoxd EINGRETI) PaoJuISIP IBAT)[ND
QOUAIYY [eAIAInS Jue[dxy uonoddyuf IMoID) J0J WNIpaW dIn)[nod 1sog uonIJUISIp [eroygiadng [eyuownrodx g anssn/uesIQ J10/pue sa10adg

(Z007 19y® 03 paznuowd) wniqo.spua(g o414 u1 10§ SOINP20Id UONOAUISI( “PINUNUOI | J[qE],



65

Jaime A. Teixeira da Silva, Budi Winarto, Judit Dobranszki, Jean Carlos Cardoso, Songjun Zeng

‘NS wp 3 G AJOYI[ JISOW ., "I PAIIOdaI ST QUO JAIIIYIS JSOW dY) A[UO ING “PINIOM JeY[) BIPAW SNOLIBA paiodar s1oyine oy ‘sarpnjs Auew uj

"JORI)XD JSBIA ‘A ‘WNIpaw o1mno (g6 ) JUOA\ PUB UIOBA ‘M A UOINZRIPIY) “Z(] ] 9501ons ‘ons 1ojem paf[nsIp (Suraejooine £q) pazijiols ‘s 1orem dey Suruunt ‘M 1Y SAAD %ST

+ 9e[[9Yd VLA + MOT:dOT:NST T8 §'T + MBI:d8T:NSI TS §'[ ~10ZI[11oF pmbi| ‘wnipaur [osesoy (Wwoor y1mois oyy ut) Apruny danejar “Hy “Aysusp xng uojoyd Areonoyiuisoloyd ‘qidd ‘[ozennqopoed ‘ccedd
‘pourddojoyd d ¢ XewelIAyJ ‘N reuasowoy ojejod ‘H{ 103en3ar yamois jue(d YO J 0enxd ojerod ‘gd uo[yoodAy wnipos ‘[HOeN parodar jou YN proe ondoeaudfeyydeu-n vy N (9SIMIOYI0 PAJedIpUl SSI[uUn
‘SJUOUID[0IOIW PUB -0I0BW JO JUNOWE o) J[eY = SINY;) WNIPIW aIM[nd (796 1) S003S pue dFIyseInjy ‘SN SWNIPaW a1mno (946 ) UOSPNUY ) UOSpNUy] = DY ‘UNIULY ‘ULY {PIO. d1}90B-¢-0[0pUl ‘Y] OPLIO[Yd AINdIow
UOSH (MDD %01 + SOT:d0T:NTE JO WP § ') WNIPSW SIOWMOID) “WNIPAW AID ‘PIo. J1[[919qqIS ‘YO ‘uoneuruuad ‘0 Gysom ysaxy ‘M. ey oouonbas passardxa ‘L SH {(Jouryla) [0Yod[e A0 ‘HON “1ojem pa[[usIp
‘Md ‘uoneurfjod 19356 sAep ‘v 191BM JNUO0I A\ UIUD0JAD D) {sjeIpAyoqled ‘H)) ‘dind eueueq qg ojeuaSowoy eueueq ‘Hy ‘QUIUAPL[AZUIQ-9 ‘Y {[BOIIBYD PAIBANIR ‘)Y pIok d1eoeAxoudydoro[ydrp-+°z ‘d-#z

sj004s 8'G Hd -ased MAS x (opou
yia syuepdxo [eAIAINS AN HY pue dd eueuRq (WP 5 00T + VYN (WP G- U o] TOSH %1°0 < S BIPOW PUE (LM WD §°()-5"()
910T Tew nr JO [BAIAINS %/ 6 Jue[dXD %/ G XN 00T ‘Do F ST SW G0+ Ve WP SW Q'€+ SN%  0€ HOM %0L UIW 09 «— ALY SPOYIOUI UOHOOJUISI(]  SIUOWISEL) WIS wnpipuvs “(q
yoea urr ¢ MAs
x U G[ IDSH %1°0 — so[nsdeo
MAS x € < ur 0¢ HOW %SL sooue)sqns pasorIOUN
pojeuruLd3 XN 000€-00S 1 —u Oz MY <« u o x9[dwod pue ‘dInjewr
S10T '[e1° 0BA SP9s JO %86 AN ‘dd U-T1 “DoLT-€T 8'¢ HA "1 WP 8 0T + S +/¢ 1u0B232p Ul pasulr d[nsde) SUOnBUIqUIOd YOI WO} Spasg LU0y
09 Hd MAS xS < U o1 [DOEN sajnsded
Xn[000c OV WP S Q] +0s WP G+ %07 MS x €« U 1OFH saoueisqns payoeioun
dd -zl ‘0udiu) D wp 5 0GT +duodad cwup 3 941°0 <~ HOV %SL WM pasull xo[dwod pue ‘arnyew
S10T '[e e InH UN AN Do¥T “(A8P) D59T 0T + I3 ¢Wp SW G0+ SN #/1  [[eq UONOD (im paqqnuds a[nsde) SuoneuIqUIod YHI o1} Spasg wnxojosduys “q
urr ¢ 103 < ¢ MdS
I asull «— i G| [D8H %1°0
9)sed eueueq .wp «— MAS x € < ur 0¢ HOYd saoue)sqns
Y10T "D %6T° 16 Dmino 18w jowrn 0°0p-¢°07 805 ~VVN WP SW QT + Ve WP %G, « U O7] M LY «— Ui xo[dwod pue  uoneurfjod 1o)5e
‘erenoyz  jo skep 09 1YV AN ‘dd U-C1 DoCFEC BWOT+VEI WP SW Q[ +SN% ([ JudBI010p ut pasutr o[nsde) suoneulquiod YOd  sKep (g1 Sposs wnuvpwn
(A1oAanpoadsar ‘o
Asjonry “ rmny, § - pourey (Jumy,
oye] eUBWERH — SG] HOM %S6 < x € oye] BUBWERH
¢ D[OWRITY], 9A0] dind eueueq odux MAS « U 0] 0Z-xUo9M], so[nsdeo ¢ D[QWRILY], 9A0]
$107 81 PU0IdS) O %106 S wjown 0] F0f ~Wp 3 g7 + 10enx2 ojejod .wp 3 g doip + [DOBN %9°(Q «— Ul ¢ Ajumnjews pads pue  UddIS P[O-OW-G-7  PUOIAS ‘[11D) AonT)
99pWOpN)  PUB %€ ‘%08 UN dd U-T1 DoTF ST + DV %T'0 + 901N %7/[ + SN HOM %0L ut posuir o[nsde)) UONEIUIIUOD d50IONG ol Spedg SPUQAY a71q0u *(q
x € MAS «— “ds pjjouspny
x0] 00S T SYIUOW 7 SIN ¥ <— SAep 09 Ul G [DOBN %S ¢ «— Ur | M uoneutuized - sansdeo arnjewr
¥10T Te 39 uep D %586 AN ‘dd U-T1 “DeST (SL61 "8 12 nyD) wnIpowr 9N HOM %0L ut pasutr o[nsde) Pods onorquikg oL} Spasg appumdflo "q
ov x 01 MdS
10T Xn[ 000¢ WP 3 [+ MDD %01~ VVN Wwp ur osul — urw § 1OSH %1°0 SuoneUIqUIOd YHI
Suep pue ng UN AN dd U-Tl DoST  BW [0+ VE WP BW S0+ SN« U G| HOV %S L UI $Pads pue BIpa aimnz SPa9S wnypuvxip
HY %08 MdSs <« urw so[nsdes
¥10T ‘ueuieg ‘18 . owrl og STIDOBN %€ < S 0¢€ HO SuonBUIqUIOd YHI U213 p[o-p-08
pue oey D %86 UN ‘dd U-S1 DT F 1T SINL-YDd %0, < MIY ul pasutr onsde) pue eIpatl aImnzy oL} spadg wnypunsLayd
(%)
(%) (D) wonodyuIsp
uoneuIuos 10 I01e SuOnIPUOd 4 JUOWIYST[qe)ISO sampaosoxd EINGRETL) P910QJUISIP IeAT)[NO
20UQIRJOY  [eAlAIns jue[dxyg uonodYuU[ IMOoID) IO} WNIPAW 9INJND 1SOg uonoJUISIp [eroyIadng eyuowradxy anssn/uesIQ Jo/pue saroadg

(Z007 19y® 03 pazyuowd) wniqo.spua(g o414 u1 10§ SOINP20Id UONOAUISI( “PINUNUOI | J[qE],
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Figure 1. Several conditions affect and/or occur in Dendrobium tissue culture. First, the importance of age and the
condition of donor plant material as an explant source for disinfection experiments and subsequent success of in vitro
culture. (A) Optimal two-year-old donor plants maintained in the greenhouse under careful growth conditions result
in highly regenerative shoot tip explants in in vitro culture (photo/data not shown); (B) in contrast to (A), 5-year-old
donor plants maintained in the greenhouse with minimal care only provide explants with low or moderate regenerative
capacity in in vitro culture (photo/data not shown). Second, the disinfection protocol can have a profound effect on
the quality of the explant, as exemplified by Dendrobium ‘Gradita 31° shoot tips. (C) Explant disinfected with running
tap water (RTW) for 1.5 h, 1% liquid soap solution for 30 min, 1% pesticide for 30 min then 0.05% for 10 min, and
finally 6 rinses with sterile distilled water (SDW) result in light or no tissue damage, low contamination (< 15%) and
reduced explant browning (< 10% of explant). (D) Explant disinfected with RTW for 1.5 h, 1% liquid soap solution for
30 min, 1% pesticide for 30 min, 10% Clorox® for 5 min then 5% Clorox® for 10 min, and finally 6 rinses with SDW
result in more tissue damage, a higher percentage contamination (as much as 75%) with 20-35% explant browning.
(continued on next page)
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Figure I continued description

(E) Explant disinfected with RTW for 1.5 h, 1% liquid soap solution for 30 min, 1% pesticide for 30 min, 20%
Clorox® for 5 min then 10% Clorox® for 10 min, and finally 6 rinses with SDW result in considerable tissue damage,
low contamination (< 20%) but extensive browning (75-80%) causing all explants to die. Third, Dendrobium liquid
cultures 1.5 months after culture initiation can be easily contaminated if incomplete disinfection of shoot tip explants is
not performed. (F) Contaminated Dendrobium ‘Zahra FR 62’ shoot tips by bacteria. (G) Contaminated D. ‘Gradita 31’
proliferated PLBs by bacteria. (H) Contaminated D. ‘Jayakarta’ proliferated PLBs by bacteria in liquid half-strength
MS medium containing 0.3 mg dm? TDZ and 0.1 mg dm* NAA. For all cultivars, small shoots (+ 0.3 cm long) served
as the donor explants and cultures were incubated in conditions described in Tab. 1 until PLB initiation was clearly
observed. For all cultivars, explants were subcultured every 15 days and after PLB initiation then transferred to liquid
half-strength MS supplemented with 0.3 mg dm? TDZ and 0.1 mg dm> NAA. In this medium, periodic subcultures
(4-5 times, each subculture period was 15 days) were carried out in the same medium to proliferate PLBs. For more
details, also see Teixeira da Silva et al. (2015a) and Teixeira da Silva and Winarto (2016). Fourth, bacterial (I-O)
and fungal (P-U) contamination of Dendrobium ‘Zahra FR 62’ (I, J, L, M, O, R), D. ‘Gradita 31’ (K, N, P, S) and D.
‘Jayakarta’ (Q, T) in solid and semi-solid cultures of shoot tips (I-K) or PLBs (L-T) can take place 2 months (I-Q) or 1.5
months (R-T) after culture initiation on half-strength MS containing 0.3 mg dm TDZ and 0.1 mg dm NAA. Precise

characterization of bacterial and fungal strains was not performed. All photos unpublished (B. Winarto)

accelerated the development of new pseudobulbs.
This procedure led to the development of
vigorous and highly regenerative explants with
low contamination in in vitro aseptic culture of
ferns (Winarto and Teixeira da Silva 2012) and
Dendrobium hybrids (Winarto et al. 2013, Winarto
and Rachmawati 2013) without any additional
disinfection steps. Using these donor plants, in
vitro seed germination was possible and PLBs or
protocorms formed. The growth conditions of
mother plants most likely represent the first and
most important risk of contamination. Disinfection
needs to be strong and complex when tissues of
mother plant are old. While milder disinfection can
theoretically result in higher regeneration since less
tissue is damaged, stronger disinfection might result
in lower regeneration due to greater explant damage
by physical and chemical abrasion (Mng’omba et
al. 2012), although no such studies that examine
these links exist for Dendrobium. There are also
no quantitative studies that examine the relation
between the age of the explant tissue, or the age of
the mother plant, and the level of contamination.
Separately, the correlation between the age of
the mother plant and regeneration efficiency has
been reported in other species in which juvenile
tissues generally resulted in better regeneration
than tissues from adult mother plants or were less
recalcitrant to regeneration (Liu and Pijut 2008,
Cardoso and Habermann 2014, Lema-Ruminska
and Kulus 2014). In addition, we observed that
in most Dendrobium micropropagation studies
that employed somatic tissues as explants, young
shoots (0.5 to 12 cm long) were the main explant
used rather than mature shoots with leaves or
pseudobulbs (Tab. 1).

In general, contamination of explants from
seeds, collected from immature or mature healthy
capsules, is very low (0-10%), probably because of
the small size of seeds (Kauth et al. 2008). This,
combined with highly sanitary conditions of fruit
inside (due to a lack of endosperm) results in only
a small amount of microorganisms which allows for
simple and effective disinfection of explants derived
fromsuch tissues (as opposed to, for example, mature
leaves). Jean Carlos Cardoso used, for seeds, 10 min
disinfection in 10% NaOCIl (= 0.20-0.25% of active
chlorine) under agitation followed by two washes in
autoclaved distilled water for seeds from different
crossings among different Dendrobium species
without contamination problems. Differently,
explants from somatic tissues such as shoot tips
normally have a greater chance of contamination,
either by bacteria, yeast, or fungi hence the milky
nature of the solution (Fig. 11-U). It is likely that the
use of long shoots (5-8 cm) that have been exposed
to irrigation over the plant (sprinkling or similar)
results in the accumulation of free-water in the
portion between the sheath and the stem tissues,
where the shoot tips and axillary shoots may be
found (Fig. 1C-E), resulting in bacterial growth and
thus easy contamination of tissues. For example,
a plant that is watered from the top, thus wetting
leaves, is likely to become more contaminated
than one that is watered with a drip approach (Jean
Carlos Cardoso, personal observations).

CHOICE OF METHODS FOR SURFACE
DISINFECTION

Most papers used seeds from mature or immature
capsules and young axillary shoots for initiating
Dendrobium in vitro cultures (Tab. 1). As for many
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other plant species, the most common products
for disinfection are based on chlorine-derived
commercial solutions, such as NaOCI or mercury
(II) chloride (HgCl)) (Tab. 1).

A meta-analysis (Tab. 2) indicates that
most (94.3%) Dendrobium experiments describe
a protocol for surface disinfection, but 92.5% of
studies fail to report the percentage contamination
while only 50.9% of studies indicate the percentage
germination or explant regeneration (Tab. 1).
One possible explanation is because most papers
(estimated from Tab. 1 at in excess of 90%) used
an establishment phase only to obtain in vitro
explants for the next step and to conduct the
real experiment, without reporting the role of
contamination and/or the regeneration efficiency of
the aseptic technique(s) used. Another hypothesis is
that contamination is not a problem in Dendrobium
species, especially when seeds are used to initiate
the in vitro culture. In support of this hypothesis,
in 18.9% of studies, authors disinfected immature
(or green) fruits (Tab. 1), before natural dehiscence,
in which case the seeds are naturally “disinfected”
(or rather, they are not naturally contaminated)
inside the fruits, reducing the risk of contamination
during in vitro culture. The use of green pod
culture also prevents direct contact of seeds with
the chemical disinfectant, which is potentially toxic
to tissues (Yeoman and Macleod 1977, George
1993), thus improving the chance (and thus number)
of seeds that are able to germinate. Soares et al.
(2012) disinfected fruits before seed inoculation in
vitro, and observed higher percentage germination
(80-100%) than when seeds were excised from
fruits and then disinfected, obtaining only 46.47%
germination (Tab. 1).

Observing the issue of disinfection from
a different angle, somatic tissues tend to be
more susceptible to contamination than seeds
and to the toxic effects of chemical disinfectants
(Yeoman and Macleod 1977, George 1993,
Traore at el. 2005, George and Debergh 2008,
Jan et al. 2013). A single use of NaOCI seemed
to be the least effective for the disinfection of
Dendrobium shoots but various combinations of
different disinfectants (EtOH, NaOCl, HgCl,))
increased the efficacy of the disinfection procedure
(Tab. 2). Contamination of shoot tips ranged from
0 to 100%, using Clorox® and Teepol™ (time of
exposure and concentration not reported by the
authors) depended on the species: D. laxiflorum
(0%), D. pseudoconantum (0%), D. canaliculatum
(100%), D. strebloceras (40-50%), D. sp. Maluku

Table 2. Analysis of the disinfection procedures (number of studies) used for establishing in vitro cultures of Dendrobium (analyses based on studies listed in Table 1)

Shoot tips Total

Axillary buds

Stem explants

Pseudobulbs 2-3 cm long

Shoots
1(72.5% Co; 22.5% ExS)

Green/Young

Capsules

Mature

Seeds

Sterilization products

NaOCl

W =0 = — e

1 (< 20% Co)
1 (86.6 + 3.3% ExR)
1 (5-10% Co; 85-87% ExS)

6c

4£|

EtOH + NaOCl

NaOCI + HgCl,

HgCl,

1 (0% Co; 100% ExS)

3d

10°

EtOH + HgCl, or vice versa

EtOH + NaOCl + EtOH + flaming

Fungicide + EtOH + HgCl,
Antibiotic + HgCl, + EtOH

HgCl, + EtOH + flaming
Clorox®

1 (93.5 +8.1% ExR)

Clorox® + fungicide + EtOH
EtOH + flaming
Non reported

Total

11

11

Co: contamination, ExS: explant survival, EXR: explant regeneration

a: (0.83-5.0% NaOCl, 10 min)

d: (70-100% EtOH 30 s - 1 min + 0.1-0.2% HgCl, 10-15 min)

b: (70-100% EtOH 10 s - 3 min + 0.1-1.0% HgCl, 5-15 min)
¢: (70% EtOH 30 s - 5 min + NaOCl 1-3%; 10-60 min)
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(100%), D. lineale (50%), D. veratrifolium (0-50%)
or D. racianum (0%) (Soetopo and Purnamaningsih
2012). In another study with D. nobile var. ‘Emma
white’, Asghar et al. (2011) tested three different
periods of explant surface disinfection (6, 8
and 10 min) with 10% NaOCI followed by 4-5
washes in sterilized (autoclaved) distilled water
(SDW) and observed 0 to 12.5% necrosis and
contamination ranging from 67.5 (35% bacterial
and 32.5% fungal) to 87.5% (47.5% bacterial and
40% fungal) and survival ranging from 12.5%
(6 min) to 22.5% (8 min). The latter condition, i.e.,
8 min, was the optimal disinfection period with the
highest survival (22.5%) with decreased infection
(from 87.5% to 72.5%) and with negligible necrosis
(5%), indicating the importance of finding the right
balance between disinfection and explant survival
during a disinfection procedure.

Based on the experience of Jean Carlos Cardoso,
working with 10 Dendrobium hybrids (Denphal
type), namely D. ‘Brazilian Fire 101’ (yellow with
red strips), D. ‘Wooleng’ (white with purple lip),
D. ‘Tongchai Gold’ (yellow with red lip), D. Red
Prince (red), D. ‘Visa Peach’ (white and rosy),
D. ‘Sonia’ (white and pink), among others, in
a commercial lab (thanks to Uniplant Co., Brazil),
at least 15-20% of axillary buds and shoot tips
were contaminated by bacteria and/or yeast if the
following protocol (unpublished) was used for
surface disinfection: 70% alcohol for 1 min, then
NaOCI (0.5-0.6% of active chlorine) with 4-5
drops of Tween® 20/100 ml for 20 min followed
by three rinses in sterile distilled water. Using
that protocol, 15-20% of the infected explants
would result in a lethal response, i.e., explant
death (caused by 100% contamination of those
explants) while the remaining uncontaminated
(80-85%) explants could regenerate, although the
regeneration potential was linked to the level of
explant browning, a phenomenon that was also
observed for D. crumenatum (Kaewubon et al.
2015). In the above protocol, intermediate washes
with sterile distilled water were not performed,
and in fact only eight studies listed in Table 1
provided an intermediary wash of each disinfectant
before applying the next one even though a wash is
generally not required between disinfectants, only
in the final step. The need for independent washes
of each steriliant is a topic that has not yet been
explored in plant science and may be required for
different species or genotypes. The efficiency of
a disinfection procedure was tested by Ferreira et
al. (2006) using 96% ethanol for 2 min followed by

different concentrations of NaOCI (20, 40 and 60%,
v/v) for 30 min for surface disinfection of 8-cm
lateral shoots of D. ‘Second Love’ (Nobile type).
They observed that 40% commercial bleach (2.5%
active chlorine) followed by three washes in SDW
resulted in a high level (80%) of decontaminated
material with no visible deleterious effects. This
is considered, in commercial terms, to be a good
result, and could be used for other species or
genotypes to test the efficiency of the protocol.
When HgCl, was used as a substitute for, or in
addition to, NaOCIl treatment for the surface
disinfection of shoots, good regeneration results
were obtained, as observed in D. nobile (93.5+ 8.1%
of responsive explants) (Malabadi et al. 2005), D.
longicornu (86.6 + 3.3% explant response) (Dohling
et al. 2012) and D. Sonia ‘Earsakul’ (100% explant
survival) (Kumari et al. 2013). HgCl, was also the
chosen disinfection agent for D. dixanthum seeds
(Su and Wang 2014), D. warkianum seeds (Zhou
et al. 2014), and D. chrysotoxum seeds (Ju et al.
2016).

Different explants require different types of
compounds, concentrations and exposure periods
for the disinfection process to be optimized.
For capsules, the most commonly used surface
disinfection protocol applied 70% ethanol for
30 sec to 5 min, followed by 1-3% NaOCI for 20-
60 min (15.1% of papers), or with 0.1-1.0% HgCl,
(substituting NaOCl) for 5-15 min (7.5% of papers)
and obtained more than 80% germination, but in all
cases failedtodescribe the percentage contamination
(Tab. 1). Similar treatments were used for seeds
and lateral shoots (Tab. 1). However, some authors
(16.7%) dipped undehisced capsules in 70 or 95%
ethanol and flamed capsules for surface disinfection
(Sujjaritthurakarn and Kanchanapoom 2011, Paul
et al. 2012). Paul et al. (2012) used this technique
for D. hookerianum capsules and observed 95.27
+ 0.68% seed germination. Most authors did not
describe the efficiency of disinfection procedures
because that was not the main objective of their
experiment.

CONCLUSIONS, LIMITATIONS
AND FUTURE PERSPECTIVES

Use of in vitro symbiotic germination is another
way to improve Dendrobium micropropagation
(Teixeira da Silva et al. 2015¢) but the introduction
of symbionts poses a significant challenge to the
in vitro culture of orchids because the balance
between the need for the symbiont and the need to
maintain a sterile culture, i.e., without the symbiont
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growing excessively and killing the plant tissues as
a result of exposure to a nutrient-rich environment,
is a tremendous challenge in orchid biotechnology.
For example, Zhao et al. (2013) observed improved
(almost 100%) seed germination by co-cultivation
of a fungus Sebacina sp. with D. officinale seeds
after five weeks of culture while the same culture
medium (oatmeal agar) without fungus resulted in
no seed germination.

Optimal timing for harvesting explants and
the age and physiological state of donor plants are
important aspects that can increase the efficiency
of surface disinfection of the explants and ensuing
success of in vitro culture (Fig. 1A) (Hall 1999),
including seed germination, callus and/or PLB
formation. Plant material derived from plants
grown in suboptimal conditions, for example aged
material or in a poor physiological state, are more
sensitive to disinfectants than explant from plants
grown in optimal in vivo conditions, while the size
of the explant (e.g., thin cell layers; Teixeira da Silva
2013, Teixeira da Silva and Dobranszki 2013) can
make explants more sensitive to disinfectants due
to their small size, while sub-optimal harvesting
period or season may also contribute to a high
level of contamination (Traore et al. 2005, George
and Debergh 2008, Dobranszki and Teixeira da
Silva 2010, Mihaljevic et al. 2013). For example,
100% germination of D. tetrachromum and
D. hamaticalcar was observed when green capsules
120 days after pollination were used (Ali et al.
2011). In most studies reported in the literature,
the level of explant contamination has rarely been
reported during the establishment of an aseptic
culture. The disinfection protocol of explants can
affect the quality and thus vitality of the explant
(Fig. 1C-E) and hence the success and outcome of
the in vitro protocol in liquid (Fig. 1F-H), semi-
solid or solid medium (Fig. 11I-U). The lack of such
details in almost all studies (> 90% of the papers
did not report the level of explant contamination or
survival; Tab. 2) reported in the literature (Tab. 1)
is problematic since such information could assist
future researchers by eliminating protocols that
wouldnotresultin optimal explant decontamination.
Other important aspects that should be included
in future experiments (and research papers) that
disinfect ex vitro plant material are: 1) the types of
contaminants found, e.g., specific yeast, bacteria
and fungi; (2) pretreatment of donor plants in the
field or greenhouse, including fertilizers, watering,
plant maintenance, pest and weed control, that
could induce or create highly regenerative explant

sources by improving its physiological state,
decreasing the level of surface contamination, or
both; (3) new emerging disinfectants as possible
tissue culture sterilants such as chlorine dioxide
(CIO,) (Cardoso and Teixeira da Silva 2012), iodine
and/or potassium iodide (Deein et al. 2013), or
peracetic acid (Unemoto et al. 2009), all of which
can be used in plant tissue culture (e.g., see use
for chrysanthemums; Teixeira da Silva and Kulus
2014). At least one study that addresses such issues,
including addressing the weaknesses and failures
in the literature thus far, for a range of Dendrobium
genotypes, is required. Such information will
undoubtedly further improve the success of the
next step, in vitro culture.

A well-established disinfection procedure assists
in obtaining suitable explants for regeneration
and germination studies (e.g., Fig. 2). However,
some endogenous bacteria or yeast could be
a problem for orchid propagation and common
chemical products used for the disinfection of the
tissue surface does not always result in explants
free of microorganisms. It is common to observe
some persistent yeast and/or bacterial strains that
contaminate the explants of orchids cultivated in
vitro, especially those derived from somatic tissues.
In other orchid species, similar microorganisms
were observed, such as in Habenaria radiata, in
which 33% of explants from shoot apices were
contaminated with bacteria (Mitsukuri et al. 2009).
Brown et al. (1982), who tested different fungicides
and antibiotics to prevent contamination in several
orchid species, observed that only one flask from
a treatment that combined a cocktail (benomyl,
quintozene, penicillin G, amphotericin B and
sodium omadine) resulted in uncontaminated seeds
and zygotic embryos of Dendrobium specisum
var. hillii. Virus infection is another problem in
orchids (Khentry et al. 2006b) and the elimination
of important viruses such as Cymbidium mosaic
virus (CymMV) and Odontoglossum ringspot virus
(ORSV) is possible by seedling culture (Khentry et
al. 2006b), thin section culture (Lim et al. 1993) and
PLB culture (Chanprame et al. 2011) combined or
not with chemotherapy using ribavirin treatment.
For example, Khentry et al. (2006a) observed the
occurrence of CymMV (but not ORSV) in six
orchid genera, including in in vitro micropropagated
plantlets of several Dendrobium cultivars (‘Chanel’,
D. ‘Chao Praya’, D. ‘Pravit White’, D. ‘Sakura’ and
D. ‘Shawin White’), which displayed high rates
of infection. Khentry et al. (2006a) observed, in
14 Dendrobium cut flowers propagated by cuttings,
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Figure 2. Germinated seed of Dendrobium ‘Brazilian Fire 101’ x D. ‘Black Jack’ 30 d after in vitro inoculation of seeds
in 2 MS basal medium with 20 g dm sucrose, 1.5 g dm? activated charcoal and 2.4 g dm™ Gelrite® (pH 5.65-5.75).
Mother/parent plants (2.5 years-old) were grown in plastic pots containing coconut chips as substrate, in a greenhouse
(15-28°C; minimum 50% relative humidity). Disinfection was successful with 10% bleach (2.0-2.5% active chlorine)
for 10 min and constant agitation followed by two rinses in sterile distilled water. Unpublished photo: Jean Carlos

Cardoso

that the rate of infection by CymMV ranged
from 25-100% with a mean of 65.8% of samples
infected, and in 29 cultivars propagated by tissue
culture, a range of 0 to 100% of plantlets were
infected, depending on the cultivar, with a mean of
18.6% of all samples infected. CymMV was also
detected in PLBs of Dendrobium ‘Sonia’ obtained
from tissue culture laboratories in Thailand using
RT-PCR (in 78% of samples) and ELISA (in 22%
of samples), showing that RT-PCR was more
sensitive at detecting systemic viruses in orchids
(Khentry et al. 2007). The use of multiplex RT-
PCR could be used for simultaneous detection of
CymMYV, ORSV and Orchid fleck virus (OFV) in
Dendrobium and another orchid genus (Ali et al.
2014, Kim and Choi 2015). Using meristem (0.1 to
1 mm) culture of Mokara Char Kuan ‘Pink’, Lim et
al. (1993) observed that regenerated plantlets from
the culture of larger meristems remained infected
by CymMV and ORSV while TLCs of infected
plantlets and PLBs, when treated with ribavirin,
were free of these viruses. Interestingly, few papers
described or show advances in studies of these
microorganisms, although contamination problems
continue to be observed in commercial laboratories
and commercial orchid nurseries (Khentry et al.
2006a, 2006b, 2007; Fig. 1A, B, 1-U).
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